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ABSTRACT

A procedure 1s prewnted for estimating the ●mrgy sw.lngs potential of
ccmblnlng conservation and passive solar strategies to reduce bulldlng
heating. General scallng leus ●m used for costs and tlw resulting
continuous equatlms are ●valuated to find the least Ilf@-cycle cost rtrat -
egy. Results am mpped for the US.

INSTRUCTION

,1 methodology has bem developed for determining the optlun mix betwQn
conservation and passive solar Mtlng. TM ~thod MS hen used to davclop
US guidelines for insulation R-valuts, mc~nded Inflltratlon rate, ●nd
the size of passive solar collection ●pertura [1]. ThQ ~i~llnes depend
on the cost of fuel, econmlc factors, and th Installed cost of passive
solar and conservation f~atums. Tha mthod has also baen appllcd by the
author In Portugal, Spain, Grwa, and kxlco. Tba rasults vary uldaly,
depending on the cllmsto; for •x~l~, In clw~ arms consawatfon Is tho
preferred strategy, uhllt In suw cl Imstas tha balsnca shl fts tward solar.
Houever, In every case studlod, Q mlx of strataglos Is mc-n&d.

The purpose of this pa~r 1s to s- th a-al one
T

savlng8 that wuld
follow from the use of the mcrntid $trat@os. na~ savings are
c~md to a refomnco bulldlng Ins.ulatod in accordawo ulth gtandard
practlco prior to tlw oil ~r$o. A mtablo characteristic of them
results 18 that energy savlmgs am wlatlvaly cwistant owr most of tha
nor

9
ha savings we wIW lam in th raw of 60-!0 W for a

110 m ‘h!!h, and repmaent a titio.n o} 76 to ~ c~md with th
refemnco building. In tha mutkm US th9 relatfva navlngo am also
la~, but the ab$oluta value 1S ~llor kauag of the l-r ~ us. of
the ref~rmco building.

~r~d under MO ausplcm of tM US ~pa~nt of Emrgy, Of fi m
of Solar Mat Tachnologlas.



* r 1$ * * qti=lzattm is mlnlafzlng * llfe cycle cost of th
~? ~. IMs mt is * s.m of thrn c~ts: (1) the Inltlal cost

anawat~, V!MCII 1s ●- to be Inwwly ProPortfaIal to the bulld-
tqMat loss c~fflcl-t; (2) * Initial costof * passive solar fea-
tsrw, *I* 18 as-tobt pmportfml to tlm nst passive solar collec-
tloa arwa; and (3) ttm Mwe costof ful needed to hat the house,
dfscawtid to # p~~t V~lM@. The mnMI Iaat raqulred by the bulldlng Is
titidmd uslfig tha mwWIIly sol-r load ratio (SLR) ●nalysls procedure,
Wfch d8pm@s on * correlation of na~ hour-by-hour slmlatlon analyses
using typical mtaoroloqlcal -r data frm 26 cfties representing an ex -
tm vwi~~ of cl Imtas. Tbe SLR procedure yields results that agree
with the slmlation m~ults to wlthln i 4X. For this paper the passive
systam chosen Is a sunspace with 500 sloping glazlng Inset Into the south
facade of W bulldlng. This Is ● good perfo~r and Is also a very popular
dmlgn ●lemmt. The ●quations are solved In closed fom to yield compact
analytical ●xpressions for the optfmm ti~lgn par~ters. The use of the
SLR pmcedum allows us to estimate performance for the 209 locatlons where
monthly wather and solar data are avaflable and thus obtain the resolution
needed to do mppfng.

OPTIMIZATION

Cost Equatlon~

Minlmm lffe-cycle cost Is the crfterfon used to detemfne conservation and
solar values for each cfty. Life-cycle cost, LCC, fs gfven by the formula

LCC = systm cost + fuel cost . (1)

Because each of these costs wst be expressed fn comon terms, fuel cost Is
dfscountea to present value.

The systm flrzt cost Is made up of portfons ascribable to conservation and
solar add-on ccsts; system cost = C5 + Cc. The solar first cost, Cs,
Is assum?d to scale dfrectly with system projected area:

C$ ■ %’ (2)

where a ■ Incremental passive-system cost per unit of projected area.

The constrvatfon ffrst cost, C ,
$

fs -ss~d to depend fnversely on the
net load c~fffcient, NLC, as ollws:

cc ■ b/NLt - c1 , (3)

tire b and Cl are constants. The plausfbflfty of this equatfon for the
sftuatfo.n of dfscrati chofcos of conswvatfon lQVQIS fs dfscussed fn Ref. 2.

TM fnftfal annual fuel cost is gfven by tha formla:

Fuel cost (ffrst year) - CH ● Q , (4)

firs Q = annual back-up heat required, and
CH “ current cost of heat delfvertd fnto the bufldfng.

~ annual back-up heat fs glvon by the fnmula:

Q= NLC “ DO ● (1 - SSF) , (5)



whore 00 = annual heating *g* days and SS Is Uu oolar a.evf~ f~tlm
(this ~tfon, In ●sseme, tiflnes SSF). R’,fu w% -Id b8 &w?Wlti
for m app~rlate base ~rature calculawd b hktl
ture dlffereme - to Internal gains from the tL9stet Ju:---

To put future fuel costs In terns of ● ~iv~lcnt fnltfal cost so that
tMy w be fairly c-red ulth SYSW costs, a lewllntfom fectof, FF,
and fixed charge rate, FCR, me used. Tk present value of t~ 8- of all
future fuel costs Is g~ven by

Fuel cost (present value) = CH ● Q 9 ff/FCR . (61

The fixed cha
T

rate, FCR, converts ●n Inltlal cost U m ~lvalent ●nnual
cost. It shou d Include not only direct effects such as Interwst M 8
mortgage, dl scount rate, and tax cmdlts, but Indlwt ●ffuts SW

Tfrom deductions on Interest ~nts, Increased resale value of the so ar
system, property tax rates, and maintenance costs.

The level Izatlon factor, FF, converts a current annual COSCC of hat Into ●n
●quivalent anmial Ized cost, cccwntln

!h
for the future cost of fml (or

●lectrlclty) and the dlscwnt rate. e current cost of heat should accoml
for the efflclemy of the back-up Mater In convertln fwl (or electrfcivl
Into useful del Ivemd Mat. ?See Ref. 3 for a discus? on of fixed charge
rate and level lzjtlon factor.

The 1 ffe+ycle cost, LCC, in present-value terns, is the sla of the fnftlal
system costs and the pmS8nt value of the future fwl costs, au foll~:

LCC ■ a ~+ b/NLC-C, +h-(l-SSF)OkC , (7)

where h = (CH ● FF ● DD)/FCR. (8)

~lnl~ Life Qcle cost

If LCC is minimized independently with rerpect to ~ and NLC, It follows
that the f’ol lowilig two equations wst b~ satlsflad:

D= a/h, (9)

and

NLC =
J “m

b
a +{1- bbt m D (lo)

where D ■ d(SSF)/d(l/’LCR) ill)

(darlvatlvo of SW with mspeet t-ol/LCR).

A solution Is obtalngd hy Itoratlon, bqlrml~ with a meu for LU!O SIM
SSF Is a function of LCR in W mnthly W -H. A ~ttm hr KC,
used alom, balances conw’mtlon and solar to wlnlmlm ml WRII ia~
for a fixed lnl ttal lnvos~nt. Equation (9), used slam, Qtfmfm$ tM
sfze of the solar syst~.



-TIWS

*SW T,,

TIM mar w s~lf tha passlw systm type, which estibllshes the rela-
tfatshfp bax & ●nd LCR, md ●y cost paraeters daslred. w have
chrism W US8 a $amI+nclomd su~space I&ntlfled In Ref. 1 as system type
SW. Tlm glazlng Is -ble ml is oriented * south at a 500 slope.
The sunspace back MSll is mafslve.

costs

Cost values dss~ are as follms:

a m 108 s/d
b = 530 WI $/d/oC for a 110 n2 house
CH = 21 ~f109J (el~trfc heat)
FCR = 0.1
FF m 1.5
Thermstat setpofnt ■ 21 loC
Internal tifns - 5.9 W/m~

Conventional Cottstructfon

To detemfne energy sav” ngs, w mst ●stabl f sh a reference house of conven-
tional construction. PIW-011 embargo conservation levels varfed widely,
but were general ly gmat.er 1n colder c1 fmates. We chose a value of wall
frsulation as follows:

RSI - 0.026 i~us. base l@C) , (12)

and other conservation levels chosen cn’oportfmal lY so that buf 1df ng loss
coefficient varies as 1/ a~. Thfs foll&s clfrectjy frm the assn~tfon
that convention co struction had been opt frnfzed ove~ the

!lcost of $2.10 $/10 J (assmfng a 66Z fuel conversion ●ff
The result fs

NLC ■ 175(KI/~ti, H/oC

years for ~ fue
cfency to heat)

( 3)

for conventional consl.ructfon for a 110 n~ house. The annual energy use~
by the conventional h{wse fs:

o ■ 864(M :NLC)(DD), J (14)

RESULTS

The f gure shcws a map of the resultfng ●nergy savings for tlw US for ●

110d ho4ma. he mall fs based on Interpol atfott b~twem dfscrwte calcu-
lations perfo~d for 209 weather data locations fn the US. Cmwspondfng
valuas for LCR, SW, ind wall R-valum can ba found In Ref. 1. Conservation
lwels that result frum tho optimization vary fm wall Insulation RSI-I to
RSI-6 (RS to R35) ●cmKs tha US, dtpendfng primarily on Matln d me days

!’?and to a lmser oxtmd on solar avallabflf~. Other constrvat On evels
Va

7
pmportfunally. I’ha sstve solar glazfng ama varies from 5S of the

bul ding floor ●raa ntilr r Q Great Lakes to 281 fn the colder and sunnfer
rwglons of tb lnter~untafn west.
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Fig. 1.
i

Annua saving:, wc to contwwation and solar c-lmd for t
110 rn houso c~f8d with a nonsolar houm of ccnwnt!~l
comtructlon.


